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(54) Repeater system. 

(57) A repeater for packet data optical communi- 
cation between terminal devices includes a first 
section and a second section. The first section 
includes a first device for receiving a first opti- 
cal signal transmitted from a terminal device 
and for converting the first optical signal into a 
first electric signal, a second device for fre- 
quency-converting the first electric signal to a 
second electric signal, and a third device for 
converting the second electric signal into a 
second optical signal and for transmitting the 
second optical signal. The second section in- 
cludes a fourth device for receiving a third 
optical signal and for converting the third opti- 
cal signal into a third electric signal, a fifth 
device for frequency-converting the third elec- 
tric signal to a fourth electric signal, and a sixth 
device for converting the fourth electric signal 
into a fourth optical signal and for transmitting 
the fourth optical signal to a terminal device. 
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This invention relates to a repeater in a data com- 
munication network using optical signals. This inven- 
tion also relates to a repeater system providing an 
optical communication network including a repeater 
or repeaters. 

A known optical radio communication network in- 
cludes a transmitter, receivers, and repeaters. In the 
case where a direct optical path between the transmit- 
ter and a receiver is blocked, a repeater generally ser- 
ves to maintain optical radio communication between 
the transmitter and the receiver. A repeater, which 
merely amplifies a received optical signal and then 
outputs a corresponding stronger optical signal, tends 
to oscillate since a feedback loop is easily formed be- 
tween receiving and transmitting sections of the repe- 
ater. To prevent such an oscillation problem, an 
optical signal outputted from a transmitter is made into 
a time-division packet format so that optical signals in- 
putted into and outputted from a repeater can be dif- 
ferent from each other in contents. According to 
time-division packet communication, real-time trans- 
mission of information tends to be difficult. 

It is an aim of this invention to provide an im- 
proved repeater. 

It is another aim of this invention to provide an im- 
proved repeater system. 

A first aspect of this invention provides a repeater 
for packet data communication between terminal de- 
vices which uses optical signals, the repeater com- 
prising a first section including first means for 
receiving a first optical signal transmitted from a ter- 
minal device and for converting the first optical signal 
into a first electric signal, second means for frequen- 
cy-converting the first electric signal to a second elec- 
tric signal, and third means for converting the second 
electric signal into a second optical signal and for 
transmitting the second optical signal; and a second 
section including fourth means for receiving a third 
optical signal and for converting the third optical sig- 
nal into a third electric signal, fifth means for frequen- 
cy-converting the third electric signal to a fourth 
electric signal, and sixth means for converting the 
fourth electric signal into a fourth optical signal and for 
transmitting the fourth optical signal to a terminal de- 
vice. 

A second aspect of this invention provides a re- 
peater system for packet data communication be- 
tween terminal devices which uses an optical signal, 
the repeater system comprising repeaters each in- 
cluding a first section including first means for receiv- 
ing a first optical signal transmitted from a terminal 
device and for converting the first optical signal into a 
first electric signal, second means for frequency-con- 
verting the first electric signal to a second electric sig- 
nal, and third means for converting the second electric 
signal into a second optical signal and for transmitting 
the second optical signal; and a second section in- 
cluding fourth means for receiving a third optical sig- 



nal and for converting the third optical signal into a 
third electric signal, fifth means for frequency-convert- 
ing the third electric signal to a fourth electric signal, 
and sixth means for converting the fourth electric sig- 

5 nal into a fourth optical signal and for transmitting the 
fourth optical signal to a terminal device. 

A third aspect of this invention provides a repea- 
ter system for packet data communication between 
terminal devices which uses an optical signal, the re- 

10 peater system comprising an end repeater and a host 
repeater, wherein the end repeater includes a first 
section including first means for receiving a first opti- 
cal signal transmitted from a terminal device and for 
converting the first optical signal into a first electric 

15 signal, second means for frequency-converting the 
first electric signal to a second electric signal, and 
third means for converting the second electric signal 
into a second optical signal and for transmitting the 
second optical signal to the host repeater; and a sec- 

20 ond section including fourth means for receiving a 
third optical signal from the host repeater and for con- 
verting the third optical signal into a third electric sig- 
nal, fifth means for frequency-converting the third 
electric signal to a fourth electric signal, and sixth 

25 means for converting the fourth electric signal into a 
fourth optical signal and for transmitting the fourth 
optical signal to a terminal device; and wherein the 
host repeater includes seventh means for receiving a 
fifth optical signal from the end repeater and for con- 

30 verting the fifth optical signal into a fifth electric signal, 
eighth means for frequency-converting the fifth elec- 
tric signal to a sixth electric signal, and ninth means 
for converting the sixth electric signal into a sixth opti- 
cal signal and for transmitting the sixth optical signal 

35 to the end repeater. 

A fourth aspect of this invention provides a repe- 
ater system for packet data communication between 
terminal devices which uses an optical signal, the re- 
peater system comprising a host repeater and a 

40 plurality of end repeaters, wherein each of the end re- 
peaters includes a first section including first means 
for receiving a first optical signal transmitted from a 
terminal device and for converting the first optical sig- 
nal into a first electric signal, second means for fre- 

45 quency-converting the first electric signal to a second 
electric signal, and third means for converting the sec- 
ond electric signal into a second optical signal and for 
transmitting the second optical signal to the host re- 
peater; and a second section including fourth means 

so for receiving a third optical signal from the host repe- 
ater and for converting the third optical signal into a 
third electric signal, fifth means for frequency-convert- 
ing the third electric signal to a fourth electric signal, 
and sixth means for converting the fourth electric sig- 

55 nal into a fourth optical signal and for transmitting the 
fourth optical signal to a terminal device; and wherein 
the host repeater includes seventh means for receiv- 
ing a fifth optical signal from the end repeater and for 
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converting the fifth optical signal into a fifth electric 
signal, eighth means for frequency-converting the fifth 
electric signal to a sixth electric signal, and ninth 
means for converting the sixth electric signal into a 
sixth-optical signal and for transmitting the sixth opti- 
cal signal to the end repeater. 

The present invention will be further described 
hereafter with reference to the following description of 
exemplary embodiments and the accompanying 
drawings, in which:- 

Fig. 1 is a diagram of a repeater system according 
to a first embodiment of this invention. 

Fig. 2 is a block diagram of a repeater of Fig. 1. 

Fig. 3 is a diagram of a portion of the light emitters 
in the repeater of Fig. 2. 

Fig. 4 is a diagram of a portion of the light receiv- 
ers in the repeater of Fig. 2. 

Fig. 5 is a timing diagram showing examples of 
transmitting conditions of the terminal devices, receiv- 
ing conditions of the repeaters, and transmitting con- 
ditions of the repeaters in the repeater system of Fig. 
1. 

Fig. 6 is a perspective view of the repeater system 
according to the first embodiment of this invention. 

Fig. 7 is a block diagram of a repeater in a repe- 
ater system according to a second embodiment of this 
invention. ; 

Fig. 8 is a timing diagram showing examples of 
transmitting conditions of terminal devices, receiving 
conditions of repeaters, and transmitting conditions of 
the repeaters in the repeater system according to the 
second embodiment of this invention. 

Fig. 9 is a perspective view of a repeater system 
according to a third embodiment of this invention. 

Fig. 10 is a block diagram of an end repeater in 
the repeater system of Fig. 9. 

Fig. 1 1 is a block diagram of a host repeater in the 
repeater system of Fig. 9. 

Fig. 12 is a block diagram of an end repeater in a 
repeater system according to a fourth embodiment of 
this invention. 

Fig. 1 3 is a block diagram of a host repeater in the 
repeater system according to the fourth embodiment 
of this invention. 

Fig. 14 is a block diagram of an end repeater in a 
repeater system according to a fifth embodiment of 
this invention. 

Fig. 15 is a block diagram of the controller of Fig. 

2. 

Fig. 16 is a timing diagram showing the 
waveforms of various signals in the controller of Fig. 
15. 

Fig. 1 7 is a block diagram of the start delay circuit 
of Fig. 2. 

Fig. 18 is a flowchart of a program controlling the 
control signal generator of Fig. 17. 

Fig. 19 is a diagram of one of the light emitters of 
Fig. 2. 



Fig. 20 is a flowchart of a program controlling the 
controller of Fig. 7. 

DESCRIPTION OF THE FIRST PREFERRED 
5 EMBODIMENT 

With reference to Fig. 1, similar terminal devices 
T1 f T2, T3, T4 ••• are located on a floor. The terminal 
devices are also denoted by the letter T. Each termi- 

10 nal device T includes a light emitter 24 and a light re- 
ceiver 26. Similar repeaters R1, R2, R3, R4, — are 
located at a ceiling 10. The repeaters are also de- 
noted by the letter R. Each repeater R is divided into 
firstand second sections 12 and 14. The first repeater 

15 section 12 includes a light receiver 1 6 and a light emit- 
ter 18. The second repeater section 14 includes a light 
receiver 20 and a light emitter 22. 

As shown in Fig. 2, the first section 12 of the re- 
peater R includes a light receiver 16, a light emitter 1 8, 

20 a carrier sensing circuit 30, a frequency converter 32, 
a controller 34, and a start delay circuit 36. The output 
terminal of the light receiver 16 is connected to the in- 
put terminals of the carrier sensing circuit 30 and the 
frequency converter 32. The output terminal of the 

25 carrier sensing circuit 30 is connected to a first input 
terminal of the controller 34 and a first input terminal 
of the start delay circuit 36. The output terminal of the 
frequency converter 32 is connected to a second input 
terminal of the start delay circuit 36. A first output ter- 

30 minal of the start delay circuit 36 is connected to a 
second input terminal of the controller 34. A second 
output terminal of the start delay circuit 36 is connec- 
ted to the input terminal of the light emitter 18. The out- 
put terminal of the controller 34 is connected to a 

35 control terminal of the light emitter 1 8. 

The light receiver 16 has a photosensor part, re- 
ceiving an optical signal from a terminal device T and 
converting the optical signal into a corresponding 
electric signal. The light receiver 16 outputs the elec- 

40 trie signal. The output signal of the light receiver 16 is 
equal to a signal which results from modulating a car- 
rier of a predetermined frequency F1 with transmitted 
information (data). The transmission of information 
has a predetermined packet format which includes a 

45 sequence of a given-pattern preamble and subse- 
quent data. The output signal of the light receiver 16 
is fed to the carrier sensing circuit 30 and the fre- 
quency converter 32. 

The carrier sensing circuit 30 includes a com- 

so parator which detects whether or not the amplitude of 
the output signal of the light receiver 16 is smaller than 
a predetermined reference level, that is, whether or 
not the strength of the optical signal received by the 
light receiver 16 is smaller than a predetermined re- 

55 ference strength. The carrier sensing circuit 30 out- 
puts a signal representative of the result of the 
detection (the result of the comparison) to the control- 
ler 34 and the start delay circuit 36. Specifically, the 
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output signal of the carrier sensing circuit 30 assumes 
a high level when the strength of the optical signal re- 
ceived by the light receiver 16 is equal to or greater 
than the predetermined reference strength. Other- 
wise, the output signal of the carrier sensing circuit 30 5 
is in a low level state. 

The frequency converter 32 subjects the output 
signal of the light receiver 1 6 to frequency conversion. 
Through the frequency conversion, the carrier fre- 
quency F1 of the output signal of the light receiver 16 10 
is changed to a predetermined carrier frequency F2. 
The carrier frequency F2 is different from the carrier 
frequency F1. Thus, the frequency converter 32 out- 
puts a signal having the carrier frequency F2. 

The start delay circuit 36 receives the output sig- 15 
nal of the frequency converter 32. In addition, the start 
delay circuit 36 receives the output signal of the car- 
rier sensing circuit 30. The start delay circuit 36 has 
the function of deleting a portion of the preamble from 
a packet. The deleted portion of the preamble extends 20 
from the starting edge of the preamble to a point within 
the preamble. In addition, the length of the deleted po- 
tion is determined at random. Thus, a random-time 
portion of the preamble is deleted. The start delay cir- 
cuit 36 outputs a sequence of the remaining preamble 25 
and subsequent data to the light emitter 18. 

The light emitter 18 is enabled and disabled by a 
transmission control signal fed from the controller 34. 
In cases where the light emitter 18 is enabled, when 
the start delay circuit 36 outputs a sequence of the re- 30 
maining preamble and subsequent data to the light 
emitter 1 8, the light emitter 1 8 converts the output sig- 
nal of the start delay circuit 36 into a corresponding 
optical signal and emits the optical signal. 

As shown in Fig. 2, the second section 14 of the 35 
repeater R includes a light receiver 20, a light emitter 
22, a carrier sensing circuit 38, and a frequency con- 
verter 40. The output terminal of the light receiver 20 
is connected to the input terminals of the carrier sens- 
ing circuit 38 and the frequency converter 40. The out- 40 
put terminal of the carrier sensing circuit 38 is 
connected to a control terminal of the light emitter 22 
and a third input terminal of the controller 34. The out- 
put terminal of the frequency converter 40 is connec- 
ted to the input terminal of the light emitter 22. 45 

The light receiver 20 has a photosensor part, re- 
ceiving an optical signal from the light emitter 18 of 
another repeater R or the present repeater R and con- 
verting the optical signal into a corresponding electric 
signal. The light receiver 20 outputs the electric sig- so 
nal. The output signal of the light receiver 20 is equal 
to a signal which results from modulating a carrier of 
the predetermined frequency F2 with transmitted in- 
formation (data). The transmission of information has 
the predetermined packet format which includes a se- 55 
quence of a given-pattern preamble and subsequent 
data. The output signal of the light receiver 20 is fed 
to the carrier sensing circuit 38 and the frequency con- 



verter 40. 

The carrier sensing circuit 38 includes a com- 
parator which detects whether or not the amplitude of 
the output signal of the light receiver 20 is smaller than 
a predetermined reference level, that is, whether or 
not the strength of the optical signal received by the 
light receiver 20 is smaller than a predetermined re- 
ference strength. The carrier sensing circuit 38 out- 
puts a signal representative of the result of the 
detection (the result of the comparison) to the light 
emitter 22 and the controller 34. Specifically, the out- 
put signal of the carrier sensing circuit 38 assumes a 
high level when the strength of the optical signal re- 
ceived by the light receiver 20 is equal to or greater 
than the predetermined reference strength. Other- 
wise, the output signal of the carrier sensing circuit 38 
is in a low level state. 

The frequency converter 40 subjects the output 
signal of the light receiver 20 to frequency conversion, 
for example, frequency doubling or other frequency 
multiplying. During the frequency conversion, the car- 
rier frequency F2 of the output signal of the light re- 
ceiver 20 is changed to a predetermined carrier 
frequency F3. The carrier frequency F3 is different 
from the carrier frequencies F1 and F2. Thus, the fre- 
quency converter 40 outputs a signal having the car- 
rier frequency F3. The output signal of the frequency 
converter 40 is fed to the light emitter 22. 

The light emitter 22 is enabled and disabled by 
the output signal of the carrier sensing circuit 38. In 
cases where the light emitter 22 is enabled, the light 
emitter 20 converts the output signal of the frequency 
converter 40 into a corresponding optical signal and 
emits the optical signal. 

The controller 34 and the start delay circuit 36 are 
designed so as to realize the following processes. 

The controller 34 outputs a transmission enabling 
instruction and a transmission inhibiting instruction to 
the light emitter 18 in response to the output signals 
from the carrier sensing circuits 30 and 38 and the 
start delay circuit 36. The details will follow. 

(1) In cases where the carrier sensing circuit 38 
detects that the strength of the optical signal re- 
ceived by the light receiver 20 is equal to or gre- 
ater than the predetermined reference strength, 
the controller 34 outputs a transmission inhibiting 
signal to the light emitter 18 regardless of the re- 
sult of the detection (the comparison) by the car- 
rier sensing circuit 30. 

(2) In cases where the carrier sensing circuit 38 
detects that the strength of the optical signal re- 
ceived by the light receiver 20 is smaller than the 
predetermined reference strength while the car- 
rier sensing circuit 30 detects that the strength of 
the optical signal received by the light receiver 16 
is equal to or greater than the predetermined re- 
ference strength, the controller 34 outputs a 
transmission enabling signal to the light emitter 
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(3) In cases where the carrier sensing circuit 38 
detects that the strength of the optical signal re- 
ceived by the light receiver 20 is smaller than the 
predetermined reference strength while the car- 
rier sensing circuit 30 detects that the strength of 
the optical signal received by the light receiver 16 
is smaller than the predetermined reference 
strength, the controller 34 outputs a transmission 
inhibiting signal to the light emitter 18. 
The above-mentioned actions (1), (2), and (3) by 
the controller 34 result in the following operation. The 
second section 14 of the repeater R can execute a re- 
peater function on a received optical signal indepen- 
dent of the operation of the first section 12 of the 
repeater R. On the other hand, the first section 12 of 
the repeater R is enabled to execute a repeater func- 
tion on a received optical signal provided that a good 
optical signal is not received by the second section 14 
of the repeater R. 

The controller 34 and the start delay circuit 36 are 
designed so as to provide the following additional 
function. It is now presumed that the start delay circuit 
36 is absent. Since the carrier frequencies F2 of sig- 
nals handled by the light emitter 18 and the light re- 
ceiver 20 are equal, an optical signal outputted from 
the light emitter 18 can be accepted by the light re- 
ceiver 20. Thus, immediately after the transmission of 
an optical signal from the light emitter 18, the carrier 
sensing circuit 38 detects that the strength of the opti- 
cal signal received by the light receiver 20 is equal to 
or greater than the predetermined reference strength. 
As a result, the controller 34 outputs a transmission in- 
hibiting signal to the light emitter 18 so that the light 
emitter 1 8 is disabled and the transmission of the opti- 
cal signal from the light emitter 18 is undesirably in- 
terrupted. Such a problem is prevented by the 
provision of the start delay circuit 36 and the operation 
of the controller 34 in response to the output signal 
from the start delay circuit 36. Specifically, the start 
delay circuit 36 has a section, which outputs a trans- 
mission starting signal to the controller 34 im- 
mediately before or when a packet starts to be fed 
from the start delay circuit 36 to the light emitter 18 
and thus a corresponding optical signal starts to be 
outputted from the light emitter 18. The controller 34 
ignores the output signal from the carrier sensing cir- 
cuit 38 during a predetermined time in response to the 
transmission starting signal, so that the light emitter 
1 8 remains enabled until the whole of the packet has 
been transmitted via the light emitter 18. 

As shown in Fig. 3, each of the light emitters 18 
and 22 has a circumferential array of outwardly-facing 
light emitting elements LE so that an optical signal 
outputted from the light emitter can travel in all direc- 
tions. As shown in Fig. 4, each of the light receivers 
16 and 20 has a circumferential array of outwardly- 
facing photo sensing elements PH so that the light re- 



ceiver can capture optical signals coming along all di- 
rections. 

A further description will be given with reference 
to Figs. 1, 2, and 5. It is presumed that the terminal 

5 devices T1 , T2, T3, and T4 sequentially transmit opti- 
cal signals of data packets P1, P2, P3, and P4 as 
shown in the parts (A), (B), (C), and (D) of Fig. 5. First, 
the optical signal of the packet P1 is outputted from 
the light emitter 24 of the terminal device T1 . The opti- 

10 cal signal of the packet P1 outputted from the light 
emitter 24 has an on/off frequency equal to the carrier 
frequency F1. The optical signal of the packet P1 
which is outputted from the terminal device T1 is re- 
ceived by the repeaters R1 and R2 as shown in the 

15 parts (E) and (F) of Fig. 5. It should be noted that the 
repeaters R1 and R2 are close to the terminal device 
T1. Then, the optical signal of the packet P2 is output- 
ted from the terminal device T2, being received by the 
repeaters R2 and R3 as shown in the parts (F) and (G) 

20 of Fig. 5. Subsequently, the optical signal of the pack- 
et P3 is outputted from the terminal device T3, being 
received by the repeaters R3 and R4 as shown in the 
parts (G) and (H) of Fig. 5. 

As described previously, an optical signal output- 

25 ted from a terminal device T is received by the light re- 
ceiver 16 of the first section 12 of a repeater R. The 
tight receiver 16 converts the optical signal into a cor- 
responding electric signal. The light receiver 16 out- 
puts the electric signal to the carrier sensing circuit 30. 

30 The carrier sensing circuit 30 detects whether or not 
the amplitude of the output signal of the light receiver 
16 is smaller than a predetermined reference level, 
that is, whether or not the strength of the optical signal 
received by the light receiver 16 is smaller than a pre- 

35 determined reference strength. The carrier sensing 
circuit 30 outputs a signal representative of the result 
of the detection (the result of the comparison) to the 
controller 34 and the start delay circuit 36. 

The light receiver 16 also outputs the electric sig- 

40 nal to the frequency converter 32. The frequency con- 
verter 32 subjects the output signal of the light 
receiver 16 to frequency conversion. During the fre- 
quency conversion, the carrier frequency F1 of the 
output signal of the light receiver 16 is changed to the 

45 predetermined carrier frequency F2. The start delay 
circuit 36 receives the output signal of the frequency 
converter 32. The start delay circuit 36 deletes a ran- 
dom-length head portion of the preamble from the 
packet In the part (I) of Fig. 5, the deleted portion cor- 

50 responds to a time t1. The start delay circuit 36 out- 
puts a sequence of the remaining preamble and 
subsequent data to the light emitter 18. Provided that 
the light emitter receives the transmission enabling in- 
struction from the controller 34, the light emitter 18 

55 converts the output signal of the start delay circuit 36 
into a corresponding optical signal and emits the opti- 
cal signal (see the part (I) of Fig. 5). The optical signal 
outputted from the light emitter 18 has an on/off fre- 
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quency equal to the carrier frequency F2. 

The optical signal outputted from the light emitter 
18 is received by the light receiver 20 of the second 
section of the same repeater and also the light receiv- 
ers 20 of the second sections of other repeaters. Each 
of the second sections of the repeaters converts the 
received optical of the on/off frequency F2 into a cor- 
responding optical signal having an on/off frequency 
equal to the carrier frequency F3 t and then outputs the 
optical signal of the on/off frequency F3. 

In cases where the terminal device T1 outputs an 
optical signal of the on/off frequency F1 as denoted by 
the arrows FU1 and FU2 of Fig. 1, the optical signal 
is received by the first sections 12 of the repeaters R1 
and R2. Each first section 12 converts the optical sig- 
nal of the on/off frequency F1 into a corresponding 
optical signal of the on/off frequency F2, and outputs 
the optical signal of the on/off frequency F2. The opti- 
cal signal of the on/off frequency F2 which is outputted 
from each first section 12 is received by the second 
sections 14 of the repeaters R as shown by the arrows 
FM of Fig. 1. Each second section 14 converts the 
optical signal of the on/off frequency F2 into a corre- 
sponding optical signal of the on/off frequency F3, and 
outputs the optical signal of the on/off frequency F3. 
The optical signals of the on/off frequency F3 which 
are outputted from the second sections 14 of the re- 
peaters R are received by the light receivers 26 of the 
terminal devices T2, T3, ■•• as shown in the arrows 
FD1, FD2, - .of Fig. 1. 

It is now presumed that the terminal device T2 
transmits an optical signal immediately after the ter- 
minal device T1 transmits an optical signal. After the 
first section 12 of the repeater R1 outputs an optical 
signal in response to the optical signal transmitted by 
the terminal device T1 and then the second section 14 
of the repeater R2 receives the optical signal from the 
first section 12 of the repeater R1 ( the first section 12 
of the repeater R2 receives the optical signal from the 
terminal device T2. Thus, in the repeater R2, the car- 
rier sensing circuit 38 in the second section 14 informs 
the controller 34 of the detection of a good-level opti- 
cal signal from the first repeater R1 before the carrier 
sensing circuit 30 in the first section 12 informs the 
controller 34 and the start delay circuit 36 of the de- 
tection of a good-level optical signal from the terminal 
device T2. As a result, the controller 34 of the repeater 
R2 suspends the transmission function of the first sec- 
tion 12 of the repeater R2. Similarly, the transmission 
functions of the first sections 12 of other repeaters 
( except the repeater R1) are suspended. On the 
other hand, the first section 12 of the repeater R1 re- 
mains enabled until the transmission of the packet P1 
is completed. Thus, under such conditions, only one 
of the first sections 12 of the repeaters R is enabled 
while the others are suspended. In other words, only 
one of the repeaters R is enabled. 

In cases where the optical signal of the packet P1 



which is outputted from the terminal device T1 is re- 
ceived by the repeaters R1 and R2, the start delay cir- 
cuit 36 of the repeater R1 deletes a head portion of the 
preamble from the packet P1 which corresponds to 
5 the delay time t1 as shown in the part (I) of Fig. 5 while 
the start delay circuit 36 of the repeater R2 deletes a 
head portion Of the preamble from the packet P1 
which corresponds to a delay time t2 as shown in the 
part (J) of Fig. 5. The delay time t2 is longer than the 
10 delay time t1 so that the first section 1 2 of the repeater 
R1 is enabled to output an optical signal in response 
to the received optical signal as shown in the part (I) 
of Fig. 5. The optical signal outputted from the first 
section 12 of the repeater R1 is received by the sec- 
ts ond section 14 of the repeater R2. Thus, in the repe- 
ater R2, the controller 34 disables the transmission 
function of the first section 12 in response to the out- 
put signal from the carrier sensing circuit 38 so that 
the transmission of the optical signal from the first sec- 
20 tion 12 is prevented or inhibited as shown by the 
hatched region in the part (J) of Fig. 5. In this way, sim- 
ultaneous signal transmissions by the first sections 1 2 
of the repeaters R1 and R2 are prevented. To ensure 
this preventive operation, the delay times t1 and t2 are 
25 set to random-number multiples of a unit time At which 
are longer than a period from the moment of the re- 
ception of the optical signal by the second section 14 
of a repeater R to the moment of the responsive 
execution of disabling the first section 12 of the repe- 
at ater R. 

As described previously, only one of the first sec- 
tions 1 2 of the repeaters R is enabled while all the sec- 
ond sections 14 of the repeaters R are enabled. For 
example, the first and second sections 12 and 14 of 
35 the repeater R1 are enabled while only the second 
sections 14 of the repeaters R2, R3, and R4 are en- 
abled as shown in Fig. 1. 

As described previously, when the light receiver 
20 of a repeater R receives an optical signal of the 
40 on/off frequency F2, the light receiver 20 converts the 
received optical signal into a corresponding electric 
signal. The light receiver 20 outputs the electric signal 
to the frequency converter 40. The frequency con- 
verter 40 subjects the output signal of the light re- 
45 ceiver 20 to frequency doubling or other frequency 
multiplying. Through the frequency multiplying, the 
carrier frequency F2 of the output signal of the light re- 
ceiver 20 is changed to the carrier frequency F3. The 
frequency multiplying enables reliable synchroni- 
se? zation with respect to the carrier in cases where a 
plurality of repeaters R simultaneously emit optical 
signals of the on/off frequency F3. Also, the light re- 
ceiver 20 outputs the electric signal to the carrier 
sensing circuit 38. The carrier sensing circuit 38 which 
55 detects whether or not the amplitude of the output sig- 
nal of the light receiver 20 is smaller than the predeter- 
mined reference level, that is, whether or not the 
strength of the optical signal received by the light re- 
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ceiver 20 is smaller than the predetermined reference 
strength. The carrier sensing circuit 38 outputs a sig- 
nal representative of the result of the detection (the re- 
sult of the comparison) to the light emitter 22. 
Specifically, when the carrier sensing circuit 38 de- 
tects that the strength of the optical signal received by 
the light receiver 20 is equal to or greater than the pre- 
determined reference strength, the carrier sensing cir- 
cuit 38 outputs a transmission enabling signal to the 
light emitter 22. Otherwise, the carrier sensing circuit 
38 outputs a transmission inhibition signal to the light 
emitter 22. The light emitter 22 receives the output 
signal from the frequency converter 40. When the light 
emitter 20 is enabled in response to the output signal 
from the carrier sensing circuit 38, the light emitter 20 
converts the output signal of the frequency converter 
40 into a corresponding optical signal and emits the 
optical signal. Since signal propagation paths be- 
tween the repeaters R are maintained, the second 
sections 14 of all the repeaters R perform such emis- 
sions of optical signals. The emissions of the optical 
signals from the second sections 14 of the repeaters 
R provide downlink signal transmissions FD1 , FD2, »■ 
toward terminals T. As a result, the communication 
between terminal devices T is executed via a repeater 
or repeaters R near the terminal devices T. 

With reference to Fig. 6, the terminal device T1 
outputs an optical signal of the on/off frequency F1 
along an uplink signal transmission path, and the out- 
putted optical signal is received by the first section 12 
of the repeater R1 . The first section 1 2 of the repeater 
R1 outputs an optical signal of the on/off frequency 
F2, which is received by the second sections 14 of all 
the repeaters R1, R2, and R3. The second sections 
14 of the repeaters R1, R2, and R3 output optical sig- 
nals of the on/off frequency F3 along downlink signal 
transmission paths, and the outputted optical signals 
are received by the terminals T2 f T3, T11, T12, and 
T13. The first sections 12 of the repeaters R2 and R3 
are deactivated. 

As shown in Fig. 15, the controller 34 includes a 
monostable multivibrator 34A, a D flip-flop 34B, and 
an AND gate 34C. The output signal Sa from the car- 
rier sensing circuit 30 is fed to the input terminal of the 
monostable multivibrator 34A. The output signal Sa 
from the carrier sensing circuit 30 has a waveform 
such as shown in Fig. 16. Specifically, the output sig- 
nal Sa from the carrier sensing circuit 30 assumes a 
high level when a good carrier is detected. Otherwise, 
the output signal Sa from the carrier sensing circuit 30 
is in a low level state. The monostable multivibrator 
34A generates a short pulse Sd in response to each 
change of the signal Sa from the low level to the high 
level as shown in Fig. 16. The output signal Sd from 
the monostable multivibrator 34A is fed to the control 
terminal P R of the D flip-flop 34B. The output signal 
Sb from the carrier sensing circuit 38 is fed to the input 
terminal D of the D flip-flop 34B. The output signal Sb 



from the carrier sensing circuit 38 has a waveform 
such as shown in Fig. 16. Specifically, the output sig- 
nal Sb from the carrier sensing circuit 38 assumes a 
high level when a good carrier is detected. Otherwise, 

5 the output signal Sb from the carrier sensing circuit 38 
is in a low level state. The transmission starting signal 
Sc outputted from the start delay circuit 36 is fed to the 
input terminal CK of the D flip-flop 34B and a first input 
terminal of the AND gate 34C. The transmission sart- 

10 ing signal Sc has a waveform such as shown in Fig. 
16. The D flip-flop 34B samples and holds the output 
signal Sb of the carrier sensing circuit 38 in response 
to each change of the transmission starting signal Sc 
from the low level to the high level. The D flip-flop 34B 

15 is changed to a set state in response to the output sig- 
nal Sd of the monostable multivibrator 34A. The D flip- 
flop 34B generates the Q output signal Se which 
depends on the signals Sb, Sc, and Sd as shown in 
Fig. 16. The Q output signal Se of the D flip-flop 34B 

20 is fed to a second input terminal of the AND gate 34C. 
The AND gate 34C executes logical AND operation 
between the signals Sc and Se, generating a trans- 
mission control signal Sf which depends on the sig- 
nals Sc and Se as shown in Fig. 16. The AND gate 

25 34C outputs the transmission control signal Sf to the 
light emitter 18. The transmission control signal Sf in 
a high level state corresponds to the transmission 
enabling signal. The transmission control signal Sf in 
a low level state corresponds to the transmission in- 

30 hibiting signal. 

As shown in Fig. 16, provided that the output sig- 
nal Sb of the carrier sensing circuit 38 is in the low 
level state, the transmission control signal Sf as- 
sumes the high level in synchronism with a change of 

35 the transmission starting signal Sc from the low level 
to the high level. Then, a change of the output signal 
Sb of the carrier sensing circuit 38 from the low level 
to the high level is ignored by the D flip-flop 34B, and 
the transmission control signal Sf remains in the high 

40 level state independent of the change of the signal Sb 
from the low level to the high level. The transmission 
control signal Sf returns to the low level state when the 
transmission starting signal moves to the low level 
state. 

45 As shown in Fig. 17, the start delay circuit 36 in- 

cludes a control signal generator 36A and a switch 
36B. The switch 36B has first and second terminals, 
and a control terminal. The first and second terminals 
of the switch 36B are connected and disconnected to 

50 and from each other in response to a signal fed to the 
control terminal thereof. The first terminal of the 
switch 36B is connected to the frequency converter 
32. The second terminal of the switch 36B is connec- 
ted to the light transmitter 18. The control signal 

55 generator 36A receives the output signal from the car- 
rier sensing circuit 30. The control signal generator 
36A generates the transmission starting signal on the 
basis of the output signal of the carrier sensing circuit 
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30. The control signal generator 36A outputs the 
transmission starting signal to the control terminal of 
the switch 36B and the controller 34. When the trans- 
mission starting signal assumes a high level state or 
an ON state, the switch 36B is closed so that the out- 
put signal of the frequency converter 32 is transmitted 
to the light transmitter 18. When the transmission 
starting signal assumes a low level state or an OFF 
state, the switch 36B is opened so that the transmis- 
sion of the output signal of the frequency converter 32 
to the light transmitter 18 is inhibited. 

The control signal generator 36A includes a mi- 
crocomputer or a similar device having a combination 
of a processing section, a ROM, a RAM, and an I/O 
port. The control signal generator 36A operates in ac- 
cordance with a program stored in the ROM. Fig. 18 
is a flowchart of the program. 

As shown in Fig. 18, a first step 701 of the prog- 
ram decides whether or not the output signal of the 
carrier sensing circuit 30 is in the high level state. 
When the output signal of the carrier sensing circuit 30 
is in the high level state, the program advances to a 
step 702. Otherwise, the step 701 is reiterated. The 
step 702 generates a random number "n" in a given 
range. A step 703 following the step 702 calculates a 
time ts from the random number "n" and the predeter- 
mined unit time At by refering to the equation as "ts=n 
x At". The predetermined unit time At is equal to, for 
example, the period of a clock signal used in the con- 
trol signal generator 36A. A step 704 following the 
step 703 starts a timer which measures an elapsed 
time 'T. After the step 704, the program advances to 
a step 705. The step 705 compares the elapsed time 
"t" with the time ts. When the elapsed time "t" is shor- 
ter than the time ts, the step 705 is reiterated. When 
the elapsed time "f reaches the time ts, the program 
advances to a step 706. The step 706 sets the trans- 
mission starting signal to a high level state or an ON 
state. A step 707 following the step 706 decides 
whether or not the output signal of the carrier sensing 
circuit 30 is in the high level state. When the output 
signal of the carrier sensing circuit 30 is in the high 
level state, the program returns to the step 706. When 
the output signal of the carrier sensing circuit 30 is in 
the low level state, the program advances to a step 
708.* The step 708 sets the transmission starting sig- 
nal to a low level state or an OFF state. After the step 
708, the program returns to the step 701. 

The light emitter 18 and the light emitter 22 are 
similar in structure, and only the light emitter 18 will be 
described in detail hereinafter. As shown in Fig. 19, 
the light emitter 18 includes a comparator 18A, an 
AND gate 18B, resistors 18C and 18D, a switching 
transistor 1 8E, and a series combination 1 8F of LEDs. 
The comparator 18A changes the output signal of the 
start delay circuit 36 into a corresponding good binary 
signal. The output signal from the comparator 18A is 
fed to a first input terminal of the AND gate 1 8B. A sec- 



ond input terminal of the AND gate 18B receives the 
transmission control signal from the controller 34. The 
output terminal of the AND gate 18B is connected to 
the base of the transistor 1 8E via the resistor 1 8C. The 

5 base of the transistor 1 8E is grounded via the resistor 
18D. The emitter of the transistor 18E is directly 
grounded. The collector of the transistor 18E is con- 
nected to a positive power supply line Vcc via the LED 
combination 18F. When the transmission control sig- 

w nal signal is in the high level state, that is, when the 
transmission enabling signal is inputted, the AND 
gate 18B is open so that the output signal from the 
comparator 18A is transmitted to the base of the tran- 
sistor 18E. In this case, the transistor 18E is switched 

15 in response to the output signal from the start delay 
circuit 36, and therefore the LED combination 18F is 
activated and deactivated in accordance with the out- 
put signal from the start delay circuit 36. When the 
transmission control signal signal is in the low level 

20 state, that is, when the transmission inhibiting signal 
is inputted, the AND gate 18B is closed so that the 
transmission of the output signal from the comparator 
18A to the base of the transistor 18E is inhibited. In 
this case, the transistor 1 8E remains non-conductive, 

25 and therefore the LED combination 18F continues to 
be deactivated independent of the output signal from 
the start delay circuit 36. 

DESCRIPTION OF THE SECOND PREFERRED 
30 EMBODIMENT 

Figs. 7 and 8 relate to a second embodiment of 
this invention which is similar to the embodiment of 
Figs. 1-6, and 15-19 except for design changes des- 

35 cribed hereinafter. 

As shown in Fig. 7, a repeater R is divided into 
first and second sections 50 and 60. The first section 
50 of the repeater R includes a light receiver 1 6, a light 
emitter 18, a carrier sensing circuit 30, a demodulator 

40 52, a memory buffer 54, a modulator 56, and a con- 
troller 58. The output terminal of the light receiver 16 
is connected to the input terminals of the carrier sens- 
ing circuit 30 and the demodulator 52. The output ter- 
minal of the demodulator 52 is connected to the input 

45 terminal of the memory buffer 54. The output terminal 
of the memory buffer 54 is connected to the input ter- 
minal of the modulator 56. The output terminal of the 
modulator 56 is connected to the input terminal of the 
light emitter 18. The memery buffer 54 is connected 

50 to the controller 58. The output terminal of the carrier 
sensing circuit 30 is connected to a first input terminal 
of the controller 58. The output terminal of the control- 
ler 34 is connected to a control terminal of the light 
emitter 18. 

55 The light receiver 16 receives an optical signal 

from a terminal device T, and converts the optical sig- 
nal into a corresponding electric signal. The light re- 
ceiver 16 outputs the electric signal to the carrier 
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sensing circuit 30 and the demodulator 52. The output 
signal of the light receiver 16 is equal to a signal which 
results from modulating the carrier of the predeter- 
mined frequency F1 with transmitted information 
(data). The demodulator 52 recovers the data from the s 
output signal of the light receiver 16, and outputs the 
recovered data to the memory buffer 54. The carrier 
sensing circuit 30 detects whether or not the ampli- 
tude of the output signal of the light receiver 16 is 
smaller than the predetermined reference level, that 10 
is, whether or not the strength of the optical signal re- 
ceived by the light receiver 1 6 is smaller than the pre- 
determined reference strength. The carrier sensing 
circuit 30 outputs a signal representative of the result 
of the detection (the result of the comparison) to the 15 
controller 58. Specifically, the output signal of the car- 
rier sensing circuit 30 assumes a high level when the 
strength of the optical signal received by the light re- 
ceiver 16 is equal to orgreaterthan the predetermined 
reference strength. Otherwise, the output signal of the 20 
carrier sensing circuit 30 is in the low level state. 
When the carrier sensing circuit 30 detects that the 
strength of the optical signal received by the light re- 
ceiver 16 is equal to orgreaterthan the predetermined 
reference strength, the controller 58 outputs a data 25 
writing instruction to the memory buffer 54 in respon- 
se to the output signal from the carrier sensing circuit 
30. As a result, the output data from the demodulator 
52 is stored into the memory buffer 54. When a time 
t3 determined at random elapses since the moment of 30 
the end of the packet (see Fig. 8), the controller 58 
outputs a data reading instruction to the memory buf- 
fer 54 so that the data is read out from the memory buf- 
fer 54. The output data from the memory buffer 54 is 
fed to the modulator 56. The modulator 56 modulates 35 
a carrier of a predetermined frequency F2 in accord- 
ance with the output data from the memory buffer 54. 
The carrier frequency F2 is different from the carrier 
frequency F1 . Thus, the modulator 56 outputs a signal 
having the carrier frequency F2. The output signal 40 
from the modulator 56 is fed to the light emitter 18. The 
light emitter 1 8 is enabled and disabled by a transmis- 
sion control signal fed from the controller 58. In cases 
where the light emitter 18 is enabled, the light emitter 
1 8 converts the output signal of the modulator 56 into 45 
a corresponding optical signal and emits the optical 
signal (see the parts (l)-(L) of Fig. 8). 

As shown in Fig. 7, the second section 60 of the 
repeater R includes a light receiver 20, a light emitter 
22, a carrier sensing circuit 38, a frequency converter so 
40, and a demodulator 62. The output terminal of the 
light receiver 20 is connected to the input terminals of 
the carrier sensing circuit 38, the frequency converter 
40, and the demodulator 62. The output terminal of the 
carrier sensing circuit 38 is connected to a control ter- 55 
minal of the light emitter 22 and a second input termi- 
nal of the controller 58. The output terminal of the 
frequency converter 40 is connected to the input ter- 



minal of the light emitter 22. The output terminal of the 
demodulator 62 is connected to a third input terminal 
of the controller 58. 

The light receiver 20 receives an optical signal 
from the light emitter 18 of another repeater R or the 
present repeater R, and converts the optical signal in- 
to a corresponding electric signal. The light receiver 
20 outputs the electric signal to the carrier sensing cir- 
cuit 38, the frequency converter 40, and the demod- 
ulator 62. The output signal of the light receiver 20 is 
equal to a signal which results from modulating the 
carrier of the predetermined frequency F2 with trans- 
mitted information (data). The carrier sensing circuit 
38 detects whether or not the amplitude of the output 
signal of the light receiver 20 is smaller than the pre- 
determined reference level, that is, whether or not the 
strength of the optical signal received by the light re- 
ceiver 20 is smaller than the predetermined reference 
strength. The carrier sensing circuit 38 outputs a sig- 
nal representative of the resuitof the detection (the re- 
sult of the comparison) to the light emitter 22 and the 
controller 58. Specifically, the output signal of the car- 
rier sensing circuit 38 assumes a high level when the 
strength of the optical signal received by the light re- 
ceiver 20 is equal to or greater than the predetermined 
reference strength. Otherwise, the output signal of the 
carrier sensing circuit 38 is in a low level state. The 
frequency converter 40 subjects the output signal of 
the light receiver 20 to frequency conversion, for 
example, frequency doubling or other frequency mul- 
tiplying. During the frequency conversion, the carrier 
frequency F2 of the output signal of the light receiver 
20 is changed to the predetermined carrier frequency 
F3. The carrier frequency F3 is different from the car- 
rier frequencies F1 and F2. Thus, the frequency con- 
verter 40 outputs a signal having the carrier frequency 
F3. The output signal of the frequency converter 40 is 
fed to the light emitter 22. The light emitter 22 is en- 
abled and disabled by the output signal of the carrier 
sensing circuit 38. When the carrier sensing circuit 38 
detects that the strength of the optical signal received 
by the light receiver 20 is equal to or greater than the 
predetermined reference strength, the light emitter 22 
is enabled by the output signal from the carrier sens- 
ing circuit 38. Otherwise, the light emitter 22 is dis- 
abled. In cases where the light emitter 20 is enabled, 
the light emitter 20 converts the output signal of the 
frequency converter 40 into a corresponding optical 
signal and emits the optical signal. The demodulator 
62 recovers data from the output signal of the light re- 
ceiver 20, and outputs the recovered data to the con- 
troller 58. In cases where the carrier sensing circuit 38 
informs the controller 58 that the strength of the opti- 
cal signal received by the light receiver 20 is equal to 
or greater than the predetermined reference strength, 
the controller 58 compares the output data of the de- 
modulator 62 with the data in the memory buffer 54. 
When the output data of the demodulator 62 agrees 
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with the data in the memory buffer 54, the controller 
58 erases the data from the memory buffer 54. Other- 
wise, the data in the memory buffer 54 is kept un- 
changed. The agreement between the output data of 
the demodulator 62 and the data in the memory buffer 
54 means that the data in the memory buffer 54 is suc- 
cessfully transmitted via the light emitter 18 and is 
successfully received via the light receiver 20. Ac- 
cordingly, when such successful transmission of the 
data in the memory buffer 54 is confirmed, the data is 
erased from the memory buffer 54. 

The controller 58 includes a microcomputer or a 
similar device having a combination of an I/O section, 
a ROM, a RAM, and a processing section. The con- 
troller 58 operates in accordance with a program 
stored in the ROM. The program is designed so as to 
realize the previously-mentioned operation of the con- 
troller 58. 

In cases where terminal devices T sequentially 
output optical signals of packets P1, P2, P3, and P4 
as shown in the parts (A)-(D) of Fig. 8, repeaters R re- 
ceive these optical signals as shown in the parts (E)- 
(H). It is understood from the parts (l)-(L) of Fig. 8 that 
only one of the first sections 50 of the repeaters R is 
enabled while the others are disabled. The first sec- 
tion 50 of a repeater R starts to transmit the packet P1 
at a moment which follows the moment of the end of 
the reception of the packet P1 by the random time t3 
(see the parts (F) and (I) of Fig. 8). In Fig. 8, the pack- 
ets P1, P2, and P3 denoted by the hatched regions 
are not transmitted. 

Fig. 20 is a flowchart of the program operating the 
controller 58. As shown in Fig. 20, a first step 801 of 
the program decides whether or not the output signal 
of the carrier sensing circuit 30 is in the high level 
state. When the output signal of the carrier sensing 
circuit 30 is in the high level state, the program adv- 
ances to a step 802. Otherwise, the program adv- 
ances to a step 821. The step 802 outputs a write 
signal to the memory buffer 54 so that the output data 
of the demodulator 52 will be written into the memory 
buffer 54. After the step 802, the program advances 
to a step 803. The step 803 decides whether or not the 
output signal of the carrier sensing circuit 30 is in the 
high level state. When the output signal of the carrier 
sensing circuit 30 is in the high level state, the step 
803 is reiterated. Otherwise, the program advances to 
a step 804. The step 804 generates a random number 
"n" in a given range. A step 805 following the step 804 
calculates a time ts from the random number "n" and 
a predetermined unit time At by referring to the 
equation as "ts=n x At". The unit time At is equal to, 
for example, the period of a clock signal used in the 
controller 58. A step 806 following the step 805 starts 
a timer which measures an elapsed time "t". After the 
step 806, the program advances to a step 807. The 
step 807 compares the elapsed time *T with the time 
ts. When the elapsed time "t" is shorter than the time 
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ts, the step 807 is reiterated. When the elapsed time 
M t" reaches the time ts, the program advances to a 
step 808. The step 808 outputs a transmission enabl- 
ing signal to the light emitter 1 8. After the step 808, the 
5 program advances to a step 809. The step 809 out- 
puts a read signal to the memory buffer 54, reading 
out the data from the memory buffer 54 and transmit- 
ting the data to the light emitter 1 8. A step 810 decides 
whether or not reading the data from the memory buf- 
fo fer 54 is completed. When reading the data from the 
memory buffer 54 is completed, the program adv- 
ances to a step 811. Otherwise, the program returns 
to the step 809. The step 81 1 outputs a transmission 
inhibiting signal to the light emitter 18. After the step 
15 811, the program returns to the step 801. The step 
821 decides whether or not the output signal of the 
carrier sensing circuit 38 is in the high level state. 
When the output signal of the carrier sensing circuit 
38 is in the high level state, the program advances to 
20 a step 822. Otherwise, the program returns to the step 
801 . The step 822 reads out the data from the memory 
buffer 54. A step 823 following the step 822 compares 
the data from the memory buffer 54 and the data from 
the demodulator 62. When the data from the memory 
25 buffer 54 is equal to the data from the demodulator 62, 
the program advances to a step 824. Otherwise, the 
program returns to the step 801 . The step 824 erases 
the data from the memory buffer 54. After the step 
824, the program returns to the step 801. 

30 

DESCRIPTION OF THE THIRD PREFERRED 
EMBODIMENT 

Fig. 9 shows a third embodiment of this invention 
35 which is similar to the embodiment of Figs. 1-6, and 
15-19 except for design changes described hereinaf- 
ter. 

The embodiment of Fig. 9 includes a host repea- 
ter 76 and similar end repeaters 70. The communi- 

40 cation between terminal devices T is generally 
executed via a first end repeater 70, the host repeater 
76, and a second end repeater 70. In some cases, the 
communication between terminal devices T is exec- 
uted via a first end repeater 70, the host repeater 76, 

45 and the first end repeater 70. 

As shown in Fig. 10, each end repeater 70 is di- 
vided into first and second sections 72 and 74. The 
first repeater section 72 includes a light receiver 72A, 
a frequency converter 72B, a light emitter 72C, and a 

so carrier sensing circuit 72D. The output terminal of the 
light receiver 72A is connected to the input terminals 
of the frequency converter 72B and the carrier sens- 
ing circuit 72D. The output terminal of the frequency 
converter 72B is connected to the input terminal of the 

55 light emitter 72C. The output terminal of the carrier 
sensing circuit 72D is connected to a control terminal 
of the light emitter 72C. 

The light receiver 72A receives an optical signal 
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from a terminal device T, and converts the optical sig- 
nal into a corresponding electric signal. The light re- 
ceiver 72A outputs the electric signal to the frequency 
converter 72B and the carrier sensing circuit 72D. The 
output signal of the light receiver 72A has the pre- 
determined carrier frequency F1 . The carrier sensing 
circuit 72D detects whether or not the amplitude of the 
output signal of the light receiver 72A is smaller than 
a predetermined reference level, that is, whether or 
not the strength of the optical signal received by the 
light receiver 72A is smaller than a predetermined re- 
ference strength. The carrier sensing circuit 72D out- 
puts a signal representative of the result of the 
detection (the result of the comparison) to the light 
emitter 72C. The frequency converter 72B subjects 
the output signal of the light receiver 72A to frequency 
conversion. During the frequency conversion, the car- 
rier frequency F1 of the output signal of the light re- 
ceiver 72A is changed to the predetermined carrier 
frequency F2. The carrier frequency F2 is different 
from the carrier frequency F1. Thus, the frequency 
converter 72B outputs a signal having the carrier fre- 
quency F2. The output signal from the frequency con- 
verter 72B is fed to the light emitter 72C. The light 
emitter 72C is enabled and disabled by the output sig- 
nal from the carrier sensing circuit 72D. When the car- 
rier sensing circuit 72D detects that the strength of the 
optical signal received by the light receiver 72A is equ- 
al to or greater than the predetermined reference 
strength, the light emitter 72C is enabled in response 
to the output signal from the carrier sensing circuit 
72D so that the light emitter 72C converts the output 
signal of the frequency converter 72 B into a corre- 
sponding optical signal and emits the optical signal to- 
ward the host repeater 76. 

As shown in Fig. 1 0, the second section 74 of the 
end repeater 70 includes a light receiver 74A, a fre- 
quency converter 74B, a light emitter 74C, and a car- 
rier sensing circuit 74D. The output terminal of the 
light receiver 74A is connected to the input terminals 
of the frequency converter 74B and the carrier sens- 
ing circuit 74D. The output terminal of the frequency 
converter 74B is connected to the input terminal of the 
light emitter 74C. The output terminal of the carrier 
sensing circuit 74D is connected to a control terminal 
of the light emitter 74C. 

The light receiver 74A receives an optical signal 
from the host repeater 76, and converts the optical 
signal into a corresponding electric signal. The light 
receiver 74A outputs the electric signal to the fre- 
quency converter 74B and the carrier sensing circuit 
74D. The output signal of the light receiver 74A has 
the predetermined carrier frequency F3 which differs 
from the carrier frequencies F1 and F2. The carrier 
sensing circuit 74D detects whether or not the ampli- 
tude of the output signal of the light receiver 74A is 
smaller than a predetermined reference level, that is, 
whether or not the strength of the optical signal re- 
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ceived by the light receiver 74A is smaller than a pre- 
determined reference strength. The carrier sensing 
circuit 74D outputs a signal representative of the re- 
sult of the detection (the result of the comparison) to 

5 the light emitter 74C. The frequency converter 74B 
subjects the output signal of the light receiver 74A to 
frequency conversion. During the frequency conver- 
sion, the carrier frequency F3 of the output signal of 
the light receiver 74A is changed to a predetermined 

10 carrier frequency F4. The carrier frequency F4 is dif- 
ferent from the carrier frequencies F1, F2, and F3. 
Thus, the frequency converter 74B outputs a signal 
having the carrier frequency F4. The output signal 
from the frequency converter 74B is fed to the light 

is emitter 74C. The light emitter 74C is enabled and dis- 
abled by the output signal from the carrier sensing cir- 
cuit 74D. When the carrier sensing circuit 74D detects 
that the strength of the optical signal received by the 
light receiver 74A is equal to or greater than the pre- 

20 determined reference strength, the light emitter 74C 
is enabled in response to the output signal from the 
carrier sensing circuit 74D so that the light emitter 74C 
converts the output signal of the frequency converter 
74B into a corresponding optical signal and emits the 

25 optical signal toward terminal devices T. 

As shown inFig. 1 1 , the host repeater 76 includes 
a light receiver 76A, a frequency converter 76B, alight 
emitter 76C, a carrier sensing circuit 76D, and a local 
oscillator 76E. The output terminal of the light receiver 

30 76A is connected to the input terminal of the carrier 
sensing circuit 76D. The output terminal of the light re- 
ceiver 76A is also connected to a first input terminal 
of the frequency converter 76B. The output terminal 
of the local oscillator 76E is connected to a second in- 

35 put terminal of the frequency converter 76B. The out- 
put terminal of the frequency converter 76B is 
connected to the input terminal of the light emitter 
76C. The output terminal of the carrier sensing circuit 
76D is connected to a control terminal of the light emit- 

40 ter 76C. 

The light receiver 76A receives an optical signal 
from the first section 72 of an end repeater 70, and 
converts the optical signal into a corresponding elec- 
tric signal. The light receiver 76A outputs the electric 

45 signal to the frequency converter 76B and the carrier 
sensing circuit 76D. The output signal of the light re- 
ceiver 76A has the predetermined carrier frequency 
F2. The carrier sensing circuit 76D detects whether or 
not the amplitude of the output signal of the light re- 

50 ceiver 76A is smaller than a predetermined reference 
level, that is, whether or not the strength of the optical 
signal received by the light receiver 76A is smaller 
than a predetermined reference strength. The carrier 
sensing circuit 76D outputs a signal representative of 

55 the result of the detection (the result of the compari- 
son) to the light emitter 76C. The frequency converter 
76B mixes the output signal of the light receiver 76A 
and the output signal of the local oscillator 76E, sub- 
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jecting the output signal of the I ight receiver 74A to fre- 
quency conversion. During the frequency conversion, 
the carrier frequency F2 of the output signal of the light 
receiver 76A is changed to the predetermined carrier 
frequency F3. Thus, the frequency converter 76B out- 
puts a signal having the carrier frequency F3. The out- 
put signal from the frequency converter 76B is fed to 
the light emitter 76C. The light emitter 76C is enabled 
and disabled by the output signal from the carrier 
sensing circuit 76D. When the carrier sensing circuit 
76D detects that the strength of the optical signal re- 
ceived by the light receiver 76A is equal to or greater 
than the predetermined reference strength, the light 
emitter 76C is enabled in response to the output sig- 
nal from the carrier sensing circuit 76D so that the light 
emitter 76C converts the output signal of the fre- 
quency converter 76B into a corresponding optical 
signal and emits the optical signal toward the end re- 
peaters 70. 

As shown in Fig. 9, the host repeater 76 and the 
end repeaters 70 are located at a ceiling. It is prefer- 
able that the end repeaters 70 surround the host re- 
peater 76. An example of the communication between 
two of the terminal devices T is executed as follows. 
A light emitter 24 of a first terminal device T outputs 
an optical signal of the on/off frequency F1 toward a 
first end repeater 70 close thereto. The optical signal 
outputted from the first terminal device T is received 
by the first section 72 of the first end repeater 70, and 
is converted into a corresponding optical signal of the 
on/off frequency F2 by the first section 72 of the first 
end repeater 70. The first section 72 of the first end 
repeater 70 emits the optical signal toward the host re- 
peater 76. The optical signal outputted from the first 
section 72 of the first end repeater 70 is received by 
the host repeater 76, and is converted into a corre- 
sponding optical signal of the on/off frequency F3 by 
the host repeater 76. The host repeater 76 emits the 
optical signal toward the end repeaters 70. The optical 
signal outputted from the host repeater 76 is received 
by the second sections 74 of the end repeaters 70, 
and is converted into corresponding optical signals of 
the on/off frequency F4 by the second sections 74 of 
the end repeaters 70. The second sections 74 of the 
end repeaters 70 output the optical signals toward the 
terminal devices T. A light receiver 26 of a second ter- 
minal device T receives the optical signal from the 
second section 74 of a second end repeater 70 close 
thereto. In this way, the communication between the 
first and second terminal devices T is established. 

DESCRIPTION OF THE FOURTH PREFERRED 
EMBODIMENT 

Figs. 12 and 13 relate to a fourth embodiment of 
this invention which is similar to the embodiment of 
Figs. 9-11 except for design changes described 
hereinafter. 



As shown in Fig. 12, each end repeater 84 is di- 
vided into a first main section 72, a second main sec- 
tion 74, and a local oscillator 86. The first main section 
72 of the end repeater 84 includes a light receiver 

5 72A f a frequency converter 72E, a light emitter 72C, 
and a carrier sensing circuit 72D. The output terminal 
of the light receiver 72A is connected to a first input 
terminal of the frequency converter 72E. A second in- 
put terminal of the frequency converter 72 E is connec- 

10 ted to the output terminal of the local oscillator 86. The 
output terminal of the light emitter 72A is also connec- 
ted to the input terminal of the carrier sensing circuit 
72D. The output terminal of the frequency converter 
72E is connected to the input terminal of the light emit- 

15 ter 72C. The output terminal of the carrier sensing cir- 
cuit 72D is connected to a control terminal of the light 
emitter 72C. 

The light receiver 72A receives an optical signal 
from a terminal device T, and converts the optical sig- 

20 nal into a corresponding electric signal. The light re- 
ceiver 72A outputs the electric signal to the frequency 
converter 72E and the carrier sensing circuit 72D. The 
output signal of the light receiver 72A has the pre- 
determined carrier frequency F1. The carrier sensing 

25 circuit 72D detects whether or not the amplitude of the 
output signal of the light receiver 72A is smaller than 
the predetermined reference level, that is, whether or 
not the strength of the optical signal received by the 
light receiver 72A is smaller than the predetermined 

30 reference strength. The carrier sensing circuit 72D 
outputs a signal representative of the result of the de- 
tection (the result of the comparison) to the light emit- 
ter 72C. The frequency converter 72E mixes the 
output signal of the light receiver 72A and the output 

35 signal of the local oscillator 86, subjecting the output 
signal of the light receiver 72A to frequency conver- 
sion. The output signal of the local oscillator 86 has a 
predetermined frequency F0. During the frequency 
conversion, the carrier frequency F1 of the output sig- 

40 nal of the light receiver 72A is changed to the pre- 
determined carrier frequency F2. The carrier 
frequency F2 is equal to the sum of the carrier fre- 
quency F1 and the local oscillator signal frequency 
F0. Thus, the frequency converter 72E outputs a sig- 

45 nal having the carrier frequency F2. The output signal 
from the frequency converter 72E is fed to the light 
emitter 72C. The light emitter 72C is enabled and dis- 
abled by the output signal from the carrier sensing cir- 
cuit 72D. When the carrier sensing circuit 72D detects 

50 that the strength of the optical signal received by the 
light receiver 72A is equal to or greater than the pre- 
determined reference strength, the light emitter 72C 
is enabled in response to the output signal from the 
carrier sensing circuit 72D so that the light emitter 72C 

55 converts the output signal of the frequency converter 
72E into a corresponding optical signal and emits the 
optical signal toward a host repeater 80. 

As shown in Fig. 12, the second main section 74 
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of the end repeater 84 includes a light receiver 74A, 
a frequency converter 74E, a light emitter 74C, and a 
carrier sensing circuit 74D. The output terminal of the 
light receiver 74A is connected to a first input terminal 
of the frequency converter 74E. A second input termi- 5 
nal of the frequency converter 74E is connected to the 
output terminal of the local oscillator 86. The output 
terminal of the light receiver 74A is also connected to 
the input terminal of the carrier sensing circuit 74D. 
The output terminal of the frequency converter 74E is 10 
connected to the input terminal of the light emitter 
74C. The output terminal of the carrier sensing circuit 
74D is connected to a control terminal of the light emit- 
ter 74C. 

The light receiver 74A receives an optical signal 15 
from the host repeater 76, and converts the optical 
signal into a corresponding electric signal. The light 
receiver 74A outputs the electric signal to the fre- 
quency converter 74E and the carrier sensing circuit 
74D. The output signal of the light receiver 74A has 20 
the predetermined carrier frequency F3 which differs 
from the carrier frequencies F1 and F2. The carrier 
sensing circuit 74D detects whether or not the ampli- 
tude of the output signal of the light receiver 74A is 
smaller than a predetermined reference level, that is t 25 
whether or not the strength of the optical signal re- 
ceived by the light receiver 74A is smaller than a pre- 
determined reference strength. The carrier sensing 
circuit 74D outputs a signal representative of the re- 
sult of the detection (the result of the comparison) to 30 
the light emitter 74C. The frequency converter 74E 
mixes the output signal of the light receiver 74A and 
the output signal of the local oscillator 86, subjecting 
the output signal of the light receiver 72A to frequency 
conversion. During the frequency conversion, the car- 35 
rier frequency F3 of the output signal of the light re- 
ceiver 74A is changed to a predetermined carrier 
frequency F4. The carrier frequency F4 is equal to the 
sum of the carrier frequency F3 and the local oscillator 
signal frequency F0. Thus, the frequency converter 40 
74E outputs a signal having the carrier frequency F4. 
The output signal from the frequency converter 74E is 
fed to the light emitter 74C. The light emitter 74C is en- 
abled and disabled by the output signal from the car- 
rier sensing circuit 74D. When the carrier sensing 45 
circuit 74D detects that the strength of the optical sig- 
nal received by the light receiver 74A is equal to or 
greater than the predetermined reference strength, 
the light emitter 74C is enabled in response to the out- 
put signal from the carrier sensing circuit 74D so that so 
the light emitter 74C converts the output signal of the 
frequency converter 74E into a corresponding optical 
signal and emits the optical signal toward terminal de- 
vices T. 

As shown in Fig. 12, the local oscillator 86 in- 55 
eludes a light receiver 86A and a PLL circuit 86B. The 
light receiver 86A receives an optical signal of the 
on/off frequency F0 from the host repeater 80, and 
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converts the optical signal into a corresponding elec- 
tric signal. The light receiver 86A outputs the electric 
signal to the PLL circuit 86B. The PLL circuit 86B gen- 
erates the local oscillator signal from the output signal 
of the light receiver 86A. The PLL circuit 86B outputs 
the local oscillator signal to the frequency converters 
72E and 74E. 

As shown in Fig. 13, the host repeater 80 is di- 
vided into a main section 81 and a local oscillator sig- 
nal transmitter 82. The main section 81 of the host 
repeater 80 includes a light receiver 76A, a frequency 
converter 76B, a light emitter 76C, a carrier sensing 
circuit 76D, and a local oscillator 76E. The output ter- 
minal of the light receiver 76A is connected to the in- 
put terminal of the carrier sensing circuit 76D. The 
output terminal of the light receiver 76A is also con- 
nected to a first input terminal of the frequency con- 
verter 76B. The output terminal of the local oscillator 
76E is connected to a second input terminal of the fre- 
quency converter 76B. The output terminal of the fre- 
quency converter 76B is connected to the input 
terminal of the light emitter 76C. The output terminal 
of the carrier sensing circuit 76D is connected to a 
control terminal of the light emitter 76C. 

The light receiver 76A receives an optical signal 
from the first main section 72 of an end repeater 84, 
and converts the optical signal into a corresponding 
electric signal. The light receiver 76A outputs the elec- 
tric signal to the frequency converter 76B and the car- 
rier sensing circuit 76D. The output signal of the light 
receiver 76A has the predetermined carrier frequency 
F2. The carrier sensing circuit 76D detects whether or 
not the amplitude of the output signal of the light re- 
ceiver 76A is smaller than a predetermined reference 
level, that is, whether or not the strength of the optical 
signal received by the light receiver 76A is smaller 
than a predetermined reference strength. The carrier 
sensing circuit 76D outputs a signal representative of 
the result of the detection (the result of the compari- 
son) to the light emitter 76C. The local oscillator 76E 
outputs a local oscillator signal of a predetermined fre- 
quency FL to the frequency converter 76B. The fre- 
quency converter 76B mixes the output signal of the 
light receiver 76A and the output signal of the local 
oscillator 76E, subjecting the output signal of the light 
receiver 74A to frequency conversion. During the fre- 
quency conversion, the carrier frequency F2 of the 
output signal of the light receiver 76A is changed to 
the predetermined carrier frequency F3. The carrier 
frequency F3 is equal to the sum of the carrier fre- 
quency F2 and the local oscillator signal frequency 
FL. Thus, the frequency converter 76B outputs a sig- 
nal having the carrier frequency F3. The output signal 
from the frequency converter 76B is fed to the light 
emitter 76C. The light emitter 76C is enabled and dis- 
abled by the output signal from the carrier sensing cir- 
cuit 76D. When the carrier sensing circuit 76D detects 
that the strength of the optical signal received by the 
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light receiver 76A is equal to or greater than the pre- 
determined reference strength, the light emitter 76C 
is enabled in response to the output signal from the 
carrier sensing circuit 76Dso that the light emitter 76C 
converts the output signal of the frequency converter 
76B into a corresponding optical signal and emits the 
optical signal toward the end repeaters 84. 

As shown in Fig. 13, the local oscillator signal 
transmitter 82 includes an oscillator 82A and a light 
emitter 82B. The oscillator 82A outputs a signal of the 
predetermined frequency F0 to the light emitter 82B. 
The light emitter 82B converts the output signal of the 
oscillator 82A into a corresponding optical signal of 
the on/off frequency F0 t and emits the optical signal 
toward the end repeaters 84. It is preferable that the 
frequencies F0 f F1, F2, F3, and F4 have the relation 
as F0<FKF2<F3<F4. 

DESCRIPTION OF THE FIFTH PREFERRED 
EMBODIMENT 

Fig. 14 relates to a fifth embodiment of this inven- 
tion which is similar to the embodiment of Figs. 9-11 
except for design changes described hereinafter. As 
shown in Fig. 1 4, in the fifth embodiment, first and sec- 
ond section sections 72 and 74 of each end repeater 
90 include frequency doubles 92B and 94B in place 
of the frequency converters 72B and 74B (see Fig. 10) 
respectively. In the fifth embodiment, it is preferable 
that predetermined frequencies F1, F2, F3 ( and F4 
have the relation as F1<F3<F2<F4. In addition, the 
predetermined frequency F3 is equal to the predeter- 
mined frequency F2 minus the frequency FL of a local 
oscillator signal used in a host repeater. 



Claims 

1. A repeater for data communication between ter- 
minal devices which uses optical signals, the re- 
peater comprising: 

a first section including first means for re- 
ceiving a first optical signal transmitted from a ter- 
minal device and for converting the first optical 
signal into a first electric signal, second means for 
frequency-converting the first electric signal to a 
second electric signal, and third means for con- 
verting the second electric signal into a second 
optical signal and for transmitting the second opti- 
cal signal; and 

a second section including fourth means 
for receiving a third optical signal and for convert- 
ing the third optical signal into a third electric sig- 
nal, fifth means for frequency-converting the third 
electric signal to a fourth electric signal, and sixth 
means for converting the fourth electric signal into 
a fourth optical signal and for transmitting the 
fourth optical signal to a terminal device. 



2. A repeater according to claim 1 or 2 further com- 
prising means for inhibiting a transmission of the 
second optical signal from the first section when 
the second section receives the third optical sig- 

5 nal. 

3. A repeater according to claim 1 or 2 further com- 
prising seventh means for storing packet data re- 
ceived by the first section, eighth means for 

10 comparing the packet data stored in the seventh 

means and packet data received by the second 
section, and ninth means responsive to a result of 
the comparing by the eighth means for erasing 
the packet data from the seventh means when the 

15 packet data stored in the seventh means is equal 

to the packet data received by the second sec- 
tion. 

4. A repeater system for packet data communication 
20 between terminal devices which uses an optical 

signal, the repeater system comprising repeaters 
each including: 

a first section including first means for re- 
ceiving a first optical signal transmitted from a ter- 

25 minal device and for converting the first optical 

signal into a first electric signal, second means for 
frequency-converting the first electric signal to a 
second electric signal, and third means for con- 
verting the second electric signal into a second 

30 optical signal and for transmitting the second opti- 

cal signal; and 

a second section including fourth means 
for receiving a third optical signal and for convert- 
ing the third optical signal into a third electric sig- 

35 nal, fifth means for frequency-converting the third 

electric signal to a fourth electric signal, and sixth 
means for converting the fourth electric signal into 
a fourth optical signal and for transmitting the 
fourth optical signal to a terminal device. 

40 

5. A repeater system for data communication be- 
tween terminal devices which uses an optical sig- 
nal, the repeater system comprising an end 
repeater and a host repeater, wherein the end re- 

45 peater includes: 

a first section including first means for re- 
ceiving a first optical signal transmitted from a ter- 
minal device and for converting the first optical 
signal into a first electric signal, second means for 

so frequency-converting the first electric signal to a 

second electric signal, and third means for con- 
verting the second electric signal into a second 
optical signal and for transmitting the second opti- 
cal signal to the host repeater; and 

55 a second section including fourth means 

for receiving a third optical signal from the host re- 
peater and for converting the third optical signal 
into a third electric signal, fifth means for frequen- 
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6. 



cy-converting the third electric signal to a fourth 
electric signal, and sixth means for converting the 
fourth electric signal into a fourth optical signal 
and for transmitting the fourth optical signal to a 
terminal device; and 

wherein the host repeater includes: 
seventh means for receiving a second 
optical signal from the end repeater and for con- 
verting the second optical signal into a fifth elec- 
tric signal, eighth means for frequency-converting 
the fifth electric signal to a sixth electric signal, 
and ninth means for converting the sixth electric 
signal into a third optical signal and for transmit- 
ting the third optical signal to the end repeater. 

A repeater system according to claim 5, wherein 
the host repeater further includes tenth means for 
transmitting a local oscillator optical signal to the 
end repeater, and wherein the end repeater furth- 
er includes eleventh means for receiving the local 
oscillator optical signal from the host repeater and 
for converting the local oscillator optical signal in- 
to an electric local oscillator signal, and twelfth 
means for feeding the electric local oscillator sig- 
nal to the second and fifth means and for using 
the electric local oscillator signal in the frequen- 
cy-converting by the second and fifth means. 
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signal from the end repeater and for converting 
the fifth optical signal into a fifth electric signal, 
eighth means for frequency-converting the fifth 
electric signal to a sixth electric signal, and ninth 
means for converting the sixth electric signal into 
a sixth optical signal and for transmitting the sixth 
optical signal to the end repeater. 



7. A repeater system according to claim 5 or 6 whe- 
rein the second means includes a frequency dou- 30 
bier, and the fifth means includes a frequency 
doubler. 

8. A repeater system for packet data communication 
between terminal devices which uses an optical 35 
signal, the repeater system comprising a host re- 
peater and a plurality of end repeaters, wherein 
each of the end repeaters includes: 

a first section including first means for re- 
ceiving a first optical signal transmitted from a ter- 40 
minal device and for converting the first optical 
signal into a firstelectric signal, second means for 
frequency-converting the first electric signal to a 
second electric signal, and third means for con- 
verting the second electric signal into a second 45 
optical signal and for transmitting the second opti- 
cal signal to the host repeater; and 

a second section including fourth means 
for receiving a third optical signal from the host re- 
peater and for converting the third optical signal so 
into a third electric signal, fifth means for frequen- 
cy-converting the third electric signal to a fourth 
electric signal, and sixth means for converting the 
fourth electric signal into a fourth optical signal 
and for transmitting the fourth optical signal to a 55 
terminal device; and 

wherein the host repeater includes: 
seventh means for receiving a fifth optical 
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